We study the sensitivity of anomalous ZZγ and Zγγ vertex couplings h 
I. INTRODUCTION
The gauge boson self-interactions are determined by the non-Abelian SU(2) L × U(1) Y gauge group of the electroweak sector in the Standard Model (SM). Precision measurements of these interactions will be important for the test of the SM structure. The tree-level couplings between the Z boson and the photon (ZZγ and Zγγ) vanish in the SM. Any detected signals of these couplings being from the SM expectations within the experimental precision would provide crucial clues for new physics beyond the SM. These new physics effects are parametrized at higher energies via an effective Lagrangian which reduces to the SM at low energies.
The most general anomalous trilinear ZγZ vertex function, being consistent with Lorentz The h Z i and h γ i coupling constants in Eq.(1) have to be described by means of the energydependent form factors in a dipolelike form due to the restriction of the ZZγ and Zγγ couplings to their SM values at high energies at tree-level unitary [3] [4] [5] . Following Ref. [2] , the generalized dipolelike form factors are described:
) couplings are CP-conserving (CP-violating). All the h V i couplings vanish at the tree-level in the SM. The CP-violating couplings always cause completely imaginary amplitudes that do not interfere with amplitudes of SM diagrams; thus, we are interested in the CP-conserving couplings. Also, we assume that the new physics scale Λ is above the collision energy √ŝ to neglect the energy dependence of the form factors.
The 95 % C.L. intervals for anomalous ZZγ and Zγγ couplings have been provided by ATLAS [6] for an integrated luminosity (L int ) of 1.02 fb −1 and Λ = ∞ , CMS [7] for L int =36 pb −1 and Λ = ∞, D0 [8] for L int =7.2 fb −1 and Λ = ∞, CDF [9] for L int =5.1 fb −1 and Λ = 1.5 TeV and LEP [10] obtained from Zγ events which are given in Table I .
Probing on ZZγ and Zγγ couplings has been studied in the pp [2, [11] [12] [13] , e + e − [14] [15] [16] [17] [18] [19] [20] , and ep [21, 22] colliders. In this work, we focus on limits of the anomalous h V 3 and h V 4 couplings via the subprocess γq → Zq of the main reaction pp → pγp → ZqX at the LHC. Here, the quasireal photons emitted from one proton beam are described by equivalent photon approximation (EPA) [23, 24] and can interact with quarks coming from the other proton beam. Any process in a γ-proton collision is different from the pure deep inelastic scattering process as a result of two distinctive experimental features. Namely, the first feature is the quasireal photons emitted from the proton have a low virtuality and are scattered with small angles from the beam pipe in the framework of EPA, and for this reason photon-emitting intact protons get away from the central detector without being detected. This leads to a reduction in the energy deposit in the corresponding forward region. Therefore, one of the forward regions of the central detector has a considerable lack of energy, i.e. forward rapidity gaps. Applying a selected cut on this quantity, ordinary pp deep inelastic processes can be sorted out. Another feature is provided by forward detectors. Particles with large pseudorapidity can be detected from forward detectors. If the intact proton emitting a photon is scattered with a large pseudorapidity, it escapes from the central detectors. These protons leave a characteristic sign in the forward detectors for γ-proton collision. These features increase interest in probing new physics via photon-induced processes at the LHC in the literature [25] [26] [27] [28] [29] [30] [31] [32] [33] .
II. THE CROSS SECTIONS OF THE SUBPROCESS γq → Zq
The subprocess γq → Zq of the main reaction pp → pγp → ZqX at the tree level The photon spectrum in EPA as a function of photon energy E γ and its virtuality Q 2 is
given by the following formula [23, 32, 36] :
where α is the fine structure constant, and Q 2 min standing for the minimum photon virtuality is given by
Here, m p is the mass of the proton and E denotes the energy of the incoming proton beam.
The functions of the electric and magnetic form factors F E and F M are displayed by
The cross section of the process pp → pγp → ZqX can be expressed by integrating the cross section for the subprocess γq → Zq over the photon and quark spectra
where,
, and x 2 is the momentum fraction of the proton's momentum carried by the quark when
is the quark distribution function of the proton. We have considered photon virtuality Q 2 ≈ 0.01GeV 2 , due to the low virtuality of the emitted photons in the EPA [36] . In our calculations, we set Q 
III. LIMITS ON THE ANOMALOUS ZZγ AND Zγγ COUPLINGS
One-dimensional and two-dimensional χ 2 tests were applied without a systematic error to obtain 95% C.L. on the upper limits of anomalous h 
where S is the survival probability factor, E denotes the jet reconstruction efficiency, L int is the integrated luminosity and l = e − or µ − . When calculating the number of events we assume S = 0.7 and E = 0.6 for our process, the same as in Ref. [32] . Due to the overwhelming four jet QCD background, Z bosons decaying hadronically are not considered here. We applied both cuts for the transverse momentum of final state quarks to be p j T > 15 GeV and the pseudorapidity of final state quarks to be |η| < 2.5, because ATLAS and CMS have central detectors with a pseudorapidity coverage |η| < 2.5.
If a lower cut is applied on the transverse momentum of scattered protons emitting photons in a photoproduction process, such a cut helps us to discern a photoproduction process deduced from the usual pp backgrounds, since the transverse momenta of the scattered protons are typically p T < ∼ 1 GeV [28] . Therefore, the transverse momentum of an outgoing proton to be p T > 0.1 GeV within the photon spectrum is applied.
According to these restrictions, we have calculated σ SM = 0.39 pb for γq → Zq (q = for various integrated luminosities by varying one coupling at a time.
The background considered above comes from the subprocess γq → Zq of which the final state is composed of an admixture of light quarks and jets, and dileptons originating from
In the case of b-tagging we assume the efficiency of 60%, and the miss-tagging factors for c-quarks and light quarks are taken as 10% and 1%, respectively. Taking all these criteria, the background cross section is diminished by 2.1%. Then, the sensitivity of our bounds are spoiled by about a factor of 1.75 . To illustrate, the bounds on h When comparing these limits with the experimental bounds given in Table I, 
IV. CONCLUSIONS
We have examined the model-independent parametrization of anomalous ZZγ and Zγγ vertex couplings h Table I , while the h V 3 couplings are of the same order as the current experimental limits.
